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The Wide Angle Shower Apparatus (WASA) has been transferred from the storage ring CEL- 
SIUS (TSL, Uppsala, Sweden) to the cooler synchrotron COSY (FZ Jiilich, Germany). In this 
presentation, the status and planning of the WASAatCOSY project are reported. The main 
physics aspects are rare decays of r] and rj' mesons and isospin violation in deuteron-deuteron 
interactions. 



PACS: 01.30.Cc,11.30.-j,13.20.-v,13.25.-k 

1 Introduction 

WASAatCOSY will provide unique scientific possibilities for research in hadron physics with 
hadronic probes. The COSY beam energy range, the phase space cooling and the availability of 
(polarized) proton and deuteron beams are essential aspects for high luminosity measurements 
with low background. The WASA detector provides nearly full solid angle coverage for both 
charged and neutral particles which is necessary for kinematically complete measurements of 
multiparticle final states. Furthermore, the use of frozen pellets of liquid hydrogen and deuterium 
as the target minimizes background from secondary reactions, at the same time allowing high 
luminosity conditions. 

The physics that will be investigated comprises symmetries and symmetry breaking and 
hadron structure and interactions. Finding and further investigating specific hadronic bound sys- 
tems will, together with corresponding progress in theory, provide fundamental insight into how 
nature makes hadrons. The physics proposal 1 1 1 concentrates on the study of symmetry breaking 
as the primary objective, in particular in 77 and if decays and meson production. 

The technical solution for the project WASAatCOSY concerns the transfer of the WASA 
detector system and pellet target to COSY and the installation at an internal target position. 
After tests of the individual components, necessary repairs and modifications, and preparations at 
COSY, the detector is foreseen to be installed until end of July 2006. Six weeks of commissioning 
beam time divided into three blocks and an additional week of dedicated machine development 
until the end of 2006 are foreseen to be able to start the physics program at the beginning of 
2007. 
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2 Experimental Facility 

COSY is a cooler synchrotron and storage ring operated at the Institute for Nuclear Physics (IKP) 
of the Forschungszentrum Jiilich. The accelerator complex comprises an isochronous cyclotron 
(JULIC), used as an injector, a race track shaped cooler synchrotron with a circumference of 
184 m, and internal and external target stations (2|. COSY dehvers beams of polarized and un- 
polarized protons and deuterons in the momentum range between 0.3 GeV/c and 3.7 GeV/c. The 
ring can be filled with up to 10^^ particles leading to a typical luminosity of 10'^^ cm^^s^^ when 
using an internal cluster target. Beams can be phase-space cooled by means of electron cooling at 
injection energy as well as stochastic cooling at high energies. Typical beam preparation times, 
including injection, accumulation and acceleration, are of the order of a few seconds, while the 
beam lifetime with a cluster target is between several minutes and an hour 

WASA at COSY will provide unique scientific possibilities for research in hadron physics 
with hadronic probes. It combines COSY, with proton and deuteron beams with energies suffi- 
cient to cover the strange quark sector including 0-mesons, and WASA, a close to 4tt detector 
for both photons and charged particles, Fig.^ 
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Fig. 1. Cross section of the WASA detector at CELSIUS. The central detector built around the interaction 
point (at the left) is surrounded by an iron yoke. The layers of the forward detector are visible on the right 
hand side. The individual components are described in 1 1 1. 

The WASA detector 1 3 1 is being transferred from CELSIUS to COSY. The actual transfer is 
ahead of schedule with the detector components having arrived at COSY beginning of September 
2005. To start the physics program for WASA at COSY with the beginning of 2007, preparations 
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both of the detector and at COSY have to be finished by summer 2006, when the installation at 
COSY is foreseen leaving the second half of 2006 for commissioning runs. Preparations that do 
not require the actual detector hardware had already been proceeding as planned. Modifications 
and repairs on detector elements are presently being started. 

The WASA detector will be installed in one of the straight sections of COSY in front of the 
electron cooler at the former location of an RF cavity which has already been removed. The 
location ensures a dispersion-free target position. A rail system for moving the electromag- 
netic calorimeter during installation or service will be installed in the COSY turmel during the 
2005/2006 winter shutdown. Also, the corresponding rails outside of the tunnel will be com- 
pleted during that time. The support structure for the detector and the pellet target control plat- 
form used at CELSIUS have to be modified to adapt to the concrete shielding of COSY. With the 
modified support structure, the pellet generator will be decoupled mechanically, to avoid any in- 
fluence from vibrations caused by vacuum pumps. The new support structure will be completed 
in March 2006. End of May 2006 vacuum components will be available for installation. 

The target will be set in operation as soon as possible to ensure reliable pellet target perfor- 
mance after the transfer. The reassembly of components will take place immediately after arrival 
of the hardware. A test setup is being built which can be operated until installation. Minor 
changes of the target are planned in this period. The know-how for the fabrication of the most 
deUcate components, i.e. the nozzle and the vacuum injection capillary, will be transferred. 

The energy measurement in the WASA Forward Detector is based on the dE/E technique us- 
ing an arrangement of plastic scintillators. Track coordinates are determined by straw chambers. 
The thickness of the plastic scintillators was optimized for CELSIUS energies, i.e. for protons 
with kinetic energies up to 500 MeV. To adapt to the higher proton energies involved, for ex- 
ample, using the tagging reaction pp — > ppr]', several modifications of the Forward Detector are 
presently under discussion. An upgrade of the scintillator arrangement by an additional layer will 
increase the energy for stopping protons from 300 to 350 MeV and improve the resolution for 
protons in the range of 300 to 400 MeV by 35%. The improvement at higher energies will be in 
the order of 25% for protons with a kinetic energy of 900 MeV with a resulting energy resolution 
of <7e/E ftilO%. A Cerenkov detector with a sensitivity between 500 MeV and 1200 MeV is 
considered with a resolution of 5% at proton energies above 500 MeV. A prototype detector has 
been built and parasitic in-beam tests are scheduled. Both, the forward and central trackers will 
be equipped with new, state-of-the-art electronics modules replacing the present preamplifier and 
discriminator boards. 

To accommodate for the higher trigger rates expected and in view of considerable mainte- 
nance problems with the existing acquisition system, the data acquisition will be replaced by a 
third generation data acquisition developed at Jiilich. Digitizing modules are being developed by 
the Jiilich electronics department (ZEL), the Department of Radiation Sciences (ISV), and The 
Svedberg Laboratory (TSL) in Uppsala. Prototypes will be available for tests with the WASA 
detector components end of October 2005. After prototype iteration being completed end of 
March 2006, mass production will start. The readout hardware should be available at installation 
time. 
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3 Commissioning 

During the commissioning phase for WASAatCOSY, the experimental facihty will be prepared 
for starting the physics program in 2007. All detector components will be set into operation 
and the performance will be verified. Although performance testing and improvement are the 
major goals of the commissioning phase, physics results may already be extracted. Thus, the 
commissioning phase has been staged into four parts, each focusing on different performance 
aspects of the detector and related to the different physics issues that are vital for the WASA 
physics program. 

The operation of the WASA pellet target at COSY requires careful optimization of beam con- 
ditions, including a thorough study of beam-target interaction, especially in view of luminosities 
in the order of 10'^^cm~^s~^ that are needed for the key parts of the experimental program. For 
this, dedicated machine development is mandatory to ensure high quality beam conditions even 
in the commissioning phase. The machine development is scheduled immediately after installa- 
tion, to allow elementary tests like trigger and count rates. 

During the first commissioning stage, the focus will be on rj decays, primarily to compare 
the performance of the detector with the experience from WASA operation at CELSIUS. For 
this purpose, the same beam energy will be chosen as during data taking at CELSIUS (Tp = 
1360 MeV). Calibration decay channels 77 ^ 77 and 77 ^ 67 should be supplemented by a 
trigger focusing on both neutral and charged 77 ^ Stt decays. Thus, the detector performance in 
both neutral and charged particle reconstruction can be tested and the quality achieved in terms 
of resolution can be compared to results obtained at CELSIUS |4|. One physics issue involved is 
the determination of the slope parameter of the Dalitz plot distribution for the neutral Stt decay. 
Preliminary data obtained at the KLOE facility |5 1 disagree with the Crystal Ball result (6|. Due 
to the lower statistics obtained at CELSIUS, it will not be possible to discriminate between the 
two from existing WASA data. 

At higher energies (Tp = 2540 MeV), the measurement of the dominant ry' ry27r decay 
channels probes both the performance of the modified Forward Detector in view of rj' tagging via 
missing mass, and the rj' reconstruction from the decay products involving the Central Detector 
The decay rj' 77 decay will be measured in parallel to compare with results for the rj obtained 
during the second commissioning stage. The physics motivation for studying the ?727r decay 
is a determination of the Dalitz plot parameters that can be compared with existing data |i7j||8| 
|9l. Simultaneously, first data can be taken for the 77' tt'^tt^j mode that is related to the 
manifestation of higher order anomalies 1 1 1. 

A test of isospin violation in the reaction dd '^Hen° will be a further key experiment 
for WASA at COSY. This measurement requires a deuterium pellet target, high luminosity, and 
the ability to cleanly identify '^He recoils in coincidence with a neutral pion, and an effective 
background suppression. While a series of experiments is necessary to address these issues 
properly, 27r production is an ideal starting point to study most of these aspects. In addition, the 
27r data prepare for future measurements of the reaction dd '^Hemj to study Oq — fo mixing. 
As a surplus, aspects of the ABC effect riO''l 1I I12I can be studied with the tttt system being 
produced in a pure isospin zero state. By choosing the appropriate beam energy, the data can be 
directly compared to data taken during the last period of data taking at CELSIUS 1131 . 
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4 Summary 

The WASA detector has been transferred from CELSIUS to COSY. After tests of the individual 
components, necessary repairs and modifications, and preparations at COSY, the detector is fore- 
seen to be installed at COSY until end of July 2006. The WASA detector at COSY is bound to 
produce physics results as soon as possible. The time schedule until the start of the experimental 
program is ambitious but feasible. Preparations for taking data are proceeding as planned. In 
order to start the physics program in 2007, a commissioning phase has been scheduled for the 
second half of 2006. 
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